INTRODUCTION
Molecular genetic methods provide explanations of the genetic causes of, in this case, thrombophilic disorders. Since the very beginning of the diagnosis of thrombophilic disorders, which arose from the study of families with a high frequency of thrombophilic complications, it was apparent that in a number of cases, the disorder was due to dominantly inherited conditions. Already the discovery of the first families presenting a defect in AT III led to the description of the genetic causes of this defect. As such, over 150 causes of AT III mutation were described.
Molecular genetic methods were implemented into the screening examinations for thrombophilic disorders in the 1990's along with the first discoveries of coagulation inhibitors (AT III, protein C and protein S). The discovery of the molecular cause of APC resistance by Bertina in 1994 greatly expanded their utilization.
Despite the expansion of these methods, the following years brought forth discoveries of defects on a molecular basis, which posed decreasing risks of thrombosis, as can be seen in Fig. 1 . However, until the end of the last century, it was understood that only the discoveries of all genetic causes of thrombophilia might lead to the overall elucidation of the genetic risk of thrombophilia.
Currently, it is apparent that there is a deflection from this idea and attention is focused rather on the elucidation of the complex pathophysiology of coagulation at the molecular level.
F V Leiden
Among the Caucasian population, factor V Leiden (factor V 1691G-A) is the most common genetic defect causing thrombosis [2] [3] [4] [5] [6] [7] . Factor V mutation was first described by Bertina et al in 1994 at the university of Leiden 8 , based on the discovery of resistance to activated protein C (APC), which was first described in 1993 (ref. 9 ). The frequency of this mutation in the Caucasian population ranges between 2 and 15 % (ref.
2 ). The heterozygous form of factor V Leiden increases the risk of thrombosis 3-8x (ref. 2, 10, 11 ), while the homozygous form presents a risk which may be up to 80 times greater 12 . Factor V Leiden is present in 20 % of patients with venous thrombosis 3, 10 and in over half of probands in selected families with thrombophilia. This means that it represents the most common genetic abnormality in patients with thrombosis.
Prothrombin 20210A
Mutations in the 3'-untranslated region of the prothrombin gene in the position 20210 G-A are associated with an increased level of prothrombin and as such present an increased risk of developing thrombosis 13 . This mutation was described with a high prevalence (18 %) in families with thrombosis and in 6.2 % of patients with first thrombosis 13 . The mechanism of action of the mutation at the 20210 G-A position of the prothrombin gene is explained to cause an increase in the level of prothrombin, which leads to an increased risk of thrombosis 13 . The prevalence of mutation in the Caucasian population is around 2 % with many geographical variations, such as a higher prevalence of mutation in southern than northern Europe 14 . This causes significant differences between works citing the prevalence of this mutation in the population and the relative risk of the mutation to cause thrombosis. For example, in northern Europe, the prevalence is 2 % (similarly to the Czech population 15 ) with a relative risk of around 2, while in the Catelonian region of Spain the prevalence is 6.5 % (ref. 16 ) and the relative risk 2, which represents over 6 % of all thrombosis cases.
Hyperhomocysteinemia
Slightly increased levels of homocysteine are associated with an increased risk of thrombosis [17] [18] [19] . Two studies performed on an undivided group of patients showed that a level of 18.5 μmol/l in 5 % (10 % respectively) of individuals leads to a two-fold increase in the risk of thrombosis [18] [19] [20] . This means that hyperhomocysteinemia represents 5-10 % of all thrombotic episodes.
Hyperhomocysteinemia may develop due to genetic or acquired dispositions [18] [19] [20] [21] . Acquired dispositions primarily include low vitamin intake (B6, B12, folic acid), which leads to an increase in homocysteine level [22] [23] . Genetic factors include the very rare cystathione β-synthetase deficit, whose homozygous form represents classical hyperhomocysteinemia with very high levels 24 , and on the other hand the very common variant of the methyltetrahydrofolate reductase (MTHFR) gene, which leads to the thermolabile enzyme variant with a slightly increased homocysteine level [25] [26] [27] . Currently, direct association between the MTHFR 677TT variant, increased homocysteine level and risk of developing thrombosis is not distinctly established 28 .
Antithrombin III
Egeberg first described familial antithrombin III deficiency in 1965 (ref. [29] [30] [31] ). This first work already pointed out that antithrombin III deficiency is a significantly more serious risk factor for developing thrombosis than protein C and S deficiency, and that the majority of patients show clinical manifestation before the age of 25 (ref. 30, 32 ). This does not pertain to changes of the heparin binding site, which occurs frequently, however does not present a risk in the heterozygous form 32 . Based on extensive studies, the thrombotic risk for patients with antithrombin III deficiency was determined to be increased five-fold, based on the 1.1 % incidence of the deficiency in patients with venous thrombosis compared to 0.2 % incidence in the control group 33 . Other studies present the incidence of antithrombin III deficiency to be between 1-0.5 % (ref. 29 ). Among 4 000 healthy subjects, the antithrombin III deficit was found in 0.02 % (ref. 34 ). This data shows that the antithrombin III deficiency is very rare, however, it is a very significant risk factor for developing thrombosis, which is apparent when comparing the prevalence of this defect in patients with venous thrombosis and healthy subjects (1 % versus 0.02 %), which shows that there is a 50 times greater risk in patients with antithrombin III deficiency. Despite this high risk, antithrombin III deficiency represents only 1 % of all thrombotic conditions.
In terms of etiology, antithrombin III deficits may be classified into two groups: inherited and acquired. Inherited deficiency are characterized by a decreased level of antithrombin III antigen, decreased antithrombin III activity, or a combination of these two parameters. These deficits are caused by an inherited defect in the synthesis of antithrombin III or in the synthesis of mutant antithrombin molecules. The disorders are autosomal dominantly inherited.
Inherited antithrombin III deficits are divided into two basic types. Type I, quantitative insufficiency of antithrombin III is characterized by a parallel decrease in activity and antithrombin III antigen. The defect therefore causes a decrease in the rate of antithrombin III synthesis. This defect represents 80-90 % of all antithrombin III defects, where the levels of antithrombin III are decreased to 50-70 % of normal values. Type II, functional defect of antithrombin III, is characterised by a disbalance between antigen concentration and antithrombin III functional activity. The antigen level is therefore normal, but the molecules have a functional defect. Such types of antithrombin include antithrombin with a decreased affinity to heparin (AT III "Budapest", AT III "Milano", AT III "Tokyo"), as well as types with a decreased capability to inactivate serine proteases (AT III "Northwick Park", AT III "Glasgow") and also types with a defective capacity to bind to heparin (AT III "Tours", AT III "Rouen"). Type III Presently, about one hundred mutant types of antithrombin III molecules have been described 35, 36 . Introducing a more precise classification of antithrombin III deficiency is complicated by the very low frequency of this disorder.
Acquired deficiency may be present under physiological conditions (for example in newborns, in the late stages of pregnancy) as well as in a number of pathological conditions and present a serious problem. Causes of this deficiency may be decreased synthesis of antithrombin III (in liver cirrhosis, patients treated with asparaginase), increased losses of AT III (gastrointestinal diseases, nephrotic syndrome) as well as increased AT III consumption (disseminated intravascular coagulation after traumas, sepsis, burns, sunstroke and postoperative conditions).
Protein C
In 1981, the first works regarding increased risk of developing thrombosis in patients with heterozygous deficit of protein C were presented 37, 38 . No difference between patients with various types of deficiency (I or II) and basic mutation were noted. These studies showed that a large majority of patients already has clinical manifestations of the disease at a young age 39 . In addition, it is interesting to note that in some patients, APC resistance was also present as an additional factor increasing the risk of thrombosis 40 . The prevalence of protein C deficiency in patients with thrombosis was analyzed by three large studies [41] [42] [43] . In all studies, the prevalence of protein C deficiency was established to be 3 %. When compared with the control group, the relative thrombotic risk for protein C deficit was established to be 6.5 (ref. 43 ). The 0.2 % prevalence in the healthy population was established based on extensive studies 37 . However, this prevalence in the population combined with the high risk of thrombogenicity results in a 1-2 % contribution of protein C deficiency on all thrombophilic conditions. The gene causing protein C deficiency is autosomal dominantly inherited. Superficial thrombophlebitis and juvenile venous thrombosis types of thromboembolic disease are clinical manifestations of the defect.
In terms of differentiation, two types of protein C deficiency are described: quantitative (decrease in protein C antigen) and functional. Functional deficiency of protein C may be caused by a number of mutations. To date, over 160 different mutations have been described 45 . Heterozygous protein C defects are associated with a seven-fold increase in the risk of thrombosis.
Protein S
Protein S is an important anticoagulation protein, which acts as a non-enzymatic co-factor of APC during inactivation of factor Va and VIIIa. Laboratory screening of protein S deficiency is complicated by the fact that protein S circulates in bloodstream in two forms 46 . Forty percent of total protein S is represented by free protein S, which acts as APC co-factor.
Deficits of protein S may be divided into three basic forms. Type I is characterised by a decrease in total protein S most often due to decreased synthesis, type II is characterised by decreased protein S activity and type III by a decreased level of free protein S and normal activity of total protein S.
Most deficits are type I or a combination of types I and III. Presently very few cases of type II protein S defi- 
Pathophysiology of action FV Leiden mutation
In terms of pathophysiology of coagulation reactions, FV plays a key role in both procoagulation and anticoagulation cascade processes. In the activated form, it acts as a co-factor of FXa in the prothrombinase complex and as such catalyses the conversion of prothrombin to thrombin. In the inactive form FV acts as APC co-factor in the regulatory activity of FV, IIIa. In inherited and acquired defects, this double role allows FV to influence the manifestation of these disorders into hemorrhagic or thrombotic forms 47, 48 . To determine this manifestation, it is necessary to recognize precisely the procoagulation and anticoagulation forms of FV.
The gene encoding human factor V is composed of approximately 80 kb and is localized on the long arm of chromosome I. As can be seen in figure 1 , the gene comprises 25 exons and 24 introns 47 , which transcribe into 6.8 kB of mRNA, which encodes a chain of 2224 aminoacid residues with 28 signal peptide aminoacids. This peptide is then removed during the translocation into the endoplasmic reticulum.
Molecules of FV created in such manner are present in plasma as a single chain glycoprotein in a concentration of 21 nM (ref. 49 ) (20 -25 % of FV continues to be Molecular pathophysiology of thrombotic states and their impact to laboratory diagnostics stored in α granules of thrombocytes 50 ). FV is composed of A1-A2-B-A3-C1-C2 domains with an identical organization structure as FVIII. The domains FV and FVIII are significantly homologous and have approximately 40 % of identical sequences.
FV maturation involves extensive post-ribosomal modulation. Recently studies have been focusing particularly on N-glycosylation. 37 glycosylation sites and their effect on the structure and function of co-factors have been studied. Divergent glycosylation of the C2 domain leads to the creation of two different variations of FV termed FV 1 and FV 2 . Both variations circulate in the plasma in a ratio of 33:67 (FV 1 /FV 2 ). These two variants possess different properties (pro-and anticoagulatory) and in model cases also act differently 51 .
Procoagulation function of FVa
Inactivated FV has a low procoagulation activity until activated by a small amount of thrombin or FXa by cleavage in the sites Arg709, Arg1018 and Arg1545. This FVa molecule created by activation is a heterodimer 52 . Unlike FV, FVa increases the FXa activated conversion of prothrombin in the prothrombinase complex. It may be expected that the cleaved B-domain allosterically inhibits the binding of FV in the active site of FXa (ref. 53 ). The mechanism by which FVa acts on FXa is not completely understood. Based on the latest works, it may be assumed that FVa increases the binding affinity of FXa to phospholipids by about 100x. In addition, it was determined that FVa in the prothrombinase complex does not change the binding site of FXa, but instead increases the affinity of the prothrombinase complex to prothrombin and ensures an increase in binding sites.
The co-factor activity of FVa is balanced by APC, which proteolytically cleaves FVa at the Arg306, Arg506 and Arg679 sites of the heavy chain. The weakest inactivation is seen during cleavage at the Arg679 site. Latest discoveries suggest two pathophysiological models of FVa cleavage. The first model assumes preferential cleavage at the Arg506 site followed by cleavage at the Arg306 site. Alternatively, FVa may be inactivated directly by cleavage at the Arg306 site. Cleavage at the Arg506 site also decreases the affinity of FVa to FXa, while cleavage at the Arg306 site causes complete inactivation of FVa (ref. 54 ).
Anticoagulation function of FVa
Aside from its procoagulation function, FVa also possesses an anticoagulation function, which is expressed in the case of APC activation. In this case it stimulates proteolytic cleavage of FVIIIa (ref. 55 ). Recent experimental works supports this model where the addition of purified FV renewed the function of APC in both healthy patients and in families with the Leiden mutation. The experiments utilized measured generation of thrombin.
Thus if the anticoagulation function of FV is required, cleavage must occur in position Arg506. Unlike APC mediated cleavage in sites Arg306 and Arg679, which does not exhibit anticoagulation activity. 
FV and thrombophilia
Such described pathways of FV activation point to the balance of pro-and anticoagulation activity of factor V and its significance in maintaining haemostatic equilibrium.
The effect of FV Leiden mutation on the procoagulation and anticoagulation forms of FV APC resistance is an in vitro described phenomenon, which is characterized by a slight anticoagulation response to APC in plasma. Such decreased sensitivity to APC leads to inadequate regulation of thrombin production. As such, APC resistance is associated with an increased risk of developing thrombosis. APC resistance is associated with FV Leiden mutation in up to 90 % of cases.
FV Leiden mutation significantly influences the proand anticoagulation balance of FVa. The Leiden mutation, which leads to the disappearance of the Arg506 cleavage site, causes an insufficient decrease of the procoagulation activity of FVa, which explains the procoagulation states in carriers of the Leiden mutation 56 . However, recent publications have shown that PS and FXa may completely eliminate the effects of APC caused by the inactivation of FVa and FVIIIa. This may sufficiently explain the effect of low molecular weight heparins in the prevention of thromboembolic disease in carriers of FV Leiden mutations.
The discovery of a second pathway of action of FVa, where via APC it acts as a co-factor during proteolytic cleavage of FVIIIa aids us in establishing the effect of the Leiden mutation. Since FV with the Leiden mutation does not contain a cleavage site in the position Arg506, the anticoagulation form FV ac cannot be produced and therefore there is only weak co-factor activity of APC during FVIII proteolysis.
DISCUSSION
Genetic defects alone may not explain the pathological effect of APC resistance in certain cases. Recently, the incidence of inhibitors against FV has been described, which may also increase the expression of APC resistance. Inhibitors against FV may develop even from small quantities of bovine thrombin, which is added to fibrinogen derivatives obtained from cryoprecipitate 57 . The elucidation of the precise pathogenesis of action of FV Leiden leads to the conclusion that to explain the clinical expression of thrombophilic conditions, it is most important to understand the interaction of at least one genetically dependent thrombophilia with one or more acquired conditions.
